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(54) Selective treatment of endocardial/myocardial boundary 


(57) A device for forming a network of branched, in- 
terconnecting passages in a boundary between endo- 
cardium and myocardium, thereby enhancing blood flow 
into the treated zone, comprises a tube having proximal 
end and distal end, and at least one hollow lumen and 
defining an axis. At least two mechanical or electromag- 
netic energy functional devices are disposed within the 


tube, each having a distal end disposed adjacent the 
distal end of the central tube, and a deflecting member 
adjacent the distal portion of the central tube for deflect- 
ing the distal end of each of the at least two mechanical 
or electromagnetic energy functional devices away from 
the axis. The device is suitable for treatment of selective 
areas of ischemic or hibernating myocardium tissue. 
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Description 

[0001] The present invention relates generally to in- 
terventional devices for medical procedures. It particu- 
larly relates to selective treatment of ischemic or infarct- 
ed myocardium, with mechanical and/or electromagnet- 
ic energy functional devices, for simulating extension of 
the boundary between myocardial and endocardial lay- 
ers within the heart. The invention is particularly adapted 
for simulating extension of the endocardial layer into the 
myocardium and for treating hibernating tissue zones. 
[0002] In the treatment of heart disease, one method 
of improving myocardial blood supply is called transmy- 
ocardia I revascularization (TMR), the creation of chan- 
nels in the myocardium of the heart. The procedure us- 
ing needles in a form of surgical "myocardial acupunc- 
ture" has been used clinically since the 1 960s. Deckel- 
baum. LI., Cardiovascular Applications of Laser Tech- 
nology, Lasers in Surgery and Medicine 15:315-341 
(1994). The technique relieves ischemia by causing an- 
giogenesis and allowing blood to pass from the ventricle 
through the channels either directly into other vessels 
communicating with the channels or into myocardial si- 
nusoids which connect to the myocardial microcircula- 
tion. 

[0003] In the reptilian heart, perfusion of the myocar- 
dium occurs via communicating channels between the 
left- ventricle and the coronary arteries. Frazier, O.H.. 
Myocardial Revascularization with Laser - Preliminary 
Findings, Circulation, 1995; 92 [suppl ll]:ll-58-ll-65. 
There is evidence of these communicating channels in 
the developing human embryo. In the human heart, my- 
ocardial microanatomy involves the presence of myo- 
cardial sinusoids. These sinusoidal communications 
vary in size and structure, but represent a network of 
direct arterial-luminal, arterial-arterial, arterial-venous, 
and venous-luminal connections. This vascular mesh 
forms an important source of myocardial blood supply 
in reptiles but its role in humans is poorly understood. 
[0004] This is confirmed by recent research and a re- 
cent article. A greater proportion of reptilian endocar- 
dium and myocardium is supplied with oxygenated 
blood from the left ventricle itself, as opposed to the cor- 
onary arteries. Reptilian endocardium is relatively thick- 
er and more sponge-like than human myocardium, de- 
riving from the extensive network of sinusoids and large 
channels emanating from the left ventricle and richly in- 
nervating the myocardium, thereby providing an in- 
creased effective surface area for blood flow, also 
known as "washing", and transfer of oxygen and nutri- 
ents to the myocardium. In the research protocol, after 
explanation and instrumentation, alligator hearts were 
perfused via the coronary arteries as well as via "wash- 
ing" from the left ventricle. Using microspheres to esti- 
mate myocardial perfusion in the beating hearts, it was 
shown that although the epicardium was well perfused 
by the coronary arteries, a significant proportion of en- 
docardial perfusion was from the ventricular chamber 


2 

rather than the coronary arteries. Kohmoto, T. et al, As- 
sessment of Transmvocardial Perfusion in Alligator 
Hearts. Circulation, Vol. 95, No. 6, Mar. 18, 1997. 
[0005] Apparatus and methods for extending the 
s thickness of endocardial tissue, and increasing oxygen 
and nutrient transport by washing of blood through the 
left ventricle, are virtually unknown. Conventionally, a 
process called transmyocardial revascularization is di- 
rected to forming a discrete number of spaced-apart 
10 channels, surgically from an epicardial surface through 
epicardium (TMR) or percutaneousty through the left 
ventricle directly into myocardial tissue (PTMR). How- 
ever, conventional TMR/PTMR does not create a dense 
pattern of stimulus injuries placed to simulate extension 
is of the porous endocardium. TMR also does not focus 
treatment on the endocardial/myocardial boundary re- 
gions where ventricular washing flow via endocardium 
can enhance angiogenesis. Furthermore, treating hid- 
den zones of hibernating, infarct-damaged or other 
20 types of tissue with a denser pattern of stimulation path- 
ways is desirable and may be accomplished using the 
apparatus and methods for selective treatment of the 
endocardial/myocardial boundary. 
[0006] Thus, a preferred embodiment of the present 
2$ invention may provide an apparatus and method of use 
for selective myocardial revascularization, which over- 
comes or alleviates at least some of the limitations of 
the prior art. 

[0007] Preferred embodiments are adapted for selec- 
30 tive treatment of hibernating tissue, infarct-damaged or 
other types of tissue best treated selectively. 
[0008] Apparatus embodying the present invention 
may have one or more fiber optic laser delivery means 
for effecting selective treatment of the endocardiat/my- 
35 ocardial boundary. 

[0009] Apparatus embodying the present invention 
may provide a catheter apparatus for placement within 
a heart chamber, organ aperture or other body opening, 
the apparatus having at least one lumen for guiding an 
to energy delivery device or mechanical device to selected 
surfaces of the heart, heart chamber, organ aperture or 
other body opening for treatment thereon, particularly 
adapted for selective treatment of the endocardial/my- 
ocardial boundary. 
45 [0010] A preferred embodiment of the present inven- 
tion is a multiple channel type surgical or minimally in- 
vasive surgical apparatus for percutaneous, surgical or 
minimally invasive surgical use for creation of a plurality 
of stimulation zones or myocardial channels co-extend- 
so jng from a single epicardial, myocardial or endocardial 
point or position. 

[0011] The present invention may provide a surgical 
apparatus for performing selective treatment from an 
epicardial surface. 
55 [0012] Preferred embodiments may enable one to 
provide an optimized amount of trauma or means of in- 
jury specific to or within a boundary, such as between 
endocardium and myocardium, or between infarct and 
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non -infarct boundaries, naturally provided with ventricu- 
lar blood via the highly vascularized endocardium; and/ 
or to treat boundary regions by minimizing or otherwise 
preventing undesirable and unnecessary lasing or other 
mechanical damage to existing endocardium, or epicar- 
dium, to gain access to the boundary region by piercing 
through the endocardium or epicardium to a depth which 
allows creation of the injury only at the selected bound- 
ary region. 

[001 3] In summary, the present invention provides an 
apparatus having a portion which can be inserted within 
a heart chamber, organ aperture, chest cavity or other 
body opening. The apparatus has at least one lumen 
for.guiding an energy delivery device or mechanical de- 
vice to selected surfaces of a heart or heart chamber for 
treatment thereon. The distal tip of the device has one 
or more functional devices extending therefrom, option- 
ally having a deflection control mechanism therein. The 
apparatus can be used in conjunction with a fiber optic 
or other laser delivery means, mechanical intervention 
means, radio frequency device, microwave device, ul- 
trasound device or fluid jets. 

[001 4] A preferred type of embodiment of the present 
invention provides a device for selectively treating a 
boundary area of myocardial tissue in a heart compris- 
ing: 

a handpiece; 

a guide tube extending from the handpiece and de- 
fining at least one lumen; 

a treatment means for creating an injury no greater 
than 3 mm in diameter in the boundary area, the 
treatment means having proximal and distal ends 
and slidably extending through the handpiece and 
the lumen of the guide tube, the distal end of the 
treatment means extendable through a distal end 
of the guide tube; 

a means for piercing through to the boundary area 
from a surface layer of the heart without substantial 
destruction of the surface layer to form an entry path 
for the treatment device, the means defining a pierc- 
ing diameter no greater than 1 .0 mm; 
stop means for controlling a piercing depth of the 
means for piercing, the piercing depth selected to 
reach the selected boundary area; and 
directional control means on the handpiece for mov- 
ing the treatment means to create additional injuries 
spaced at an injury density of from 1-10 injuries/ 
cm 2 . 

[0015] By means of embodiments of the invention it 
is possible to treat boundary areas in myocardium within 
the left ventricle of the heart by a method including the 
following steps: 

providing an apparatus having proximal and distal 
ends, at least one lumen therein, a steering mech- 
anism operable from the proximal end and extend- 


ing to the distal end, at least one treatment device 
having a treatment diameter substantially no great- 
er than 1 .0 mm slidably extendable through the at 
least one lumen and through the distal end, and a 
5 piercing tool having a piercing diameter substantial- 
ly no greater than 1 .0 mm for creating a pilot entry 
path for the at least one treatment device to reach 
a selected boundary area; 
placing the distal end of such apparatus on a sur- 
10 face of the heart; 

advancing the piercing tool through the surface a 
distance selected to reach the boundary area; 
advancing the at least one treatment device through 
a pilot entry created by the piercing tool until a distal 
end thereof reaches the boundary area; and 
operating the treatment device to create a pattern 
of injury sites at the boundary area, the pattern hav- 
ing injuries no greater than 3.0 mm in diameter with 
each injury in the pattern spaced approximately no 
more than 1 cm from each contiguous injury. 

[0016] The step of creating the pattern of injury sites 
may be performed using laser energy, e.g. operating a 
laser at a power level of 3.5 watts and creating each 
injury with a single pulse of energy delivered through a 
fiber element having a diameter of 1 mm. Holmium laser 
energy may be delivered through the fiber element to 
create each injury. An excimer laser may be used to de- 
liver laser energy through the fiber element. 
[001 7] The step of advancing the piercing tool may in- 
clude advancing the tool through endocardium to reach 
myocardium bordering the endocardium. The step of 
operating the treatment device to create a pattern may 
include creating sufficient injury sites to create a sinu- 
soidal, spongy mesh of interconnecting passageways in 
the bordering myocardium for enhancing blood flow 
through the endorcardium into the myocardium border- 
ing the treated myocardium. 

[0018] The step of causing injury may employ me- 
chanical device having a piercing tool, and/or a radio 
frequency treatment device. 

[0019] The step of creating a pattern of injury sites 
may be performed using at least two treatment devices 
simultaneously. The distal tips of the at least two treat- 
ment devices may be spread apart to form treatment 
ends deflected approximately 1 to 45 degrees relative 
to a central axis of the apparatus. 
[0020] The pressure at the myocardium may be mon- 
itored, e.g. by a pressure transducer at the distal tip, to 
control timing of treatment. 

[0021] In a preferred embodiment, the invention com- 
prises a transluminal catheter having a proximal end 
and a distal end and at least one lumen with a handle 
portion at the proximal end and a treatment device de- 
flecting mechanism, such as a ball or cone, at the distal 
end. One or more, preferably several, treatment devices 
can be advanced out the distal end of the lumen, and 
deflected by the ball or cone at an angle to provide a 
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relatively dense multiple pattern of treatment points from 
adjacent a single site. By forming a large number of me- 
chanical or energy incisions through the endocardium 
and in myocardium, i.e. in the endocardial/myocardial 
boundary, the treated myocardial area will have endo- 
cardium-like properties, including providing a greater 
surface area and higher efficiency of oxygen and nutri- 
ent transfer via blood washing of the untreated myocar- 
dium through the intact and densely profused endocar- 
dium which receives a large amount of oxygenated 
blood via the ventricle. 

[0022] In a preferred embodiment, the invention is a 
surgical and minimally invasive surgical handpiece with 
advancement mechanism to allow insertion of an ener- 
gy or mechanical device through the epicardial surface 
to a desired depth where deployment of multiple treat- 
ment devices can occur to create a relatively dense pat- 
tern of injury in several millimeters of myocardium adja- 
cent a border with endocardium and into the endocar- 
dium. 

[0023] A novel method of locating and treating zones 
of myocardial tissue, such as adjacent a boundary, 
which have been damaged by infarct or otherwise is also 
disclosed using described apparatus. Such hidden or hi- 
bernating zones are treatable by extending individual 
optical fibers or fiber bundles therein, so as to effectively 
create a dense pattern of injury from the ventricle 
through healthy endocardial tissue, or from the epicar- 
dium, into the hibernating zones. The method treats 
boundary regions by minimizing or otherwise preventing 
undesirable and unnecessary lasing or other mechani- 
cal damage to existing endocardium to gain access to 
the boundary region. Piercing tools are described to fa- 
cilitate advancement to the selected boundary prior to 
creation of the injury. 

[0024] Numerous other advantages and features of 
the present invention will become readily apparent from 
the following detailed description of the invention and 
the embodiments thereof, from the claims and from the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIG. 1 is a representative section view of car- 
diac tissue, including endocardium, epicardium, myo- 
cardium and a typically central, hibernating, infarct dam- 
aged zone of myocardial tissue. 
[0026] FIG. 2A is a representative perspective view of 
a preferred embodiment of a selective treatment of the 
endocardial/myocardial boundary system 100 of the 
present invention. 

[0027] FIG. 2B is a representative detail view of the 
preferred embodiment shown in FIG. 2A taken along 
lines 2B-2B. 

[0028] FIG. 2C is a representative perspective view 
of another preferred embodiment of a selective treat- 
ment of the endocardial/myocardial boundary system 
150 of the present invention. 


[0029] FIG. 2D is a representative detail view of the 
preferred embodiment shown in FIG. 2C taken along 
lines 2D-2D. 

[0030] FIGS. 3A-3E are representative perspective 
s views of a preferred embodiment of the apparatus and 
method of selective treatment of the endocardial/myo- 
cardial boundary shown in FIGS. 2A and 2B. 
[0031] FIG. 3F is a representative section drawing of 
the treated area as formed by the apparatus and meth- 
w ods of the present invention. 

[0032] FIG. 4 A and 4B are representative isometric 
and section views, respectively, of a preferred embodi- 
ment of a selective treatment of the endocardial/myo- 
cardial boundary system 300 of the present invention. 
is [0033] FIG. 4C is a representative view of another 
preferred embodiment of a selective treatment of the en- 
docardial/myocardial boundary system 350 of the 
present invention. 

[0034] FIG. 5 A is a representative section view of a 
20 preferred embodiment of a selective treatment of the en- 
docardial/myocardial boundary system 400 of the 
present invention. 

[0035] FIG. 5B is a representative section view of an- 
other preferred embodiment of a selective treatment of 
25 the endocardial/myocardial boundary system 450 of the 
present invention. 

[0036] FIGS. 6A and 6B are representative cross sec- 
tional and section views, respectively, of another pre- 
ferred embodiment of a selective treatment of the endo- 
30 cardial/myocardial boundary system 500 of the present 
invention. 

[0037] FIG. 7 A is an isometric view of an apparatus 
for forming branched, contiguous, multi-channeled, si- 
nusoidal and interconnected treatment zones for selec- 
ts tive treatment of endocardial/myocardial boundary. 
[0038] FIG. 7B is representative view of a branched, 
contiguous, multi-channeled, sinusoidal and intercon- 
nected treatment zone. 

[0039] FIG. 8 is a representative section view of rotat- 

40 ing mechanical drill type apparatus 700 for forming si- 
nusoidal and interconnected channels or treatment 
zones in endocardial/myocardial boundary. 
[0040] FIG. 9 is a representative section view of re- 
sistance type heating tip apparatus 750 for forming si- 

45 nusoidal and interconnected channels or treatment 
zones in endocardial/myocardial boundary. 
[0041] FIG. 1 0 is a representative section view of fluid 
jet nozzle apparatus 780 for forming sinusoidal and in- 
terconnected channels or treatment zones in endocar- 

so diai/myocardial boundary. 

[0042] FIG. 11 is a representative section view of ra- 
dio frequency apparatus 800 for forming sinusoidal and 
interconnected channels or treatment zones in endocar- 
dial/myocardial boundary. 

55 [0043] FIGS. 12A, 12B and 12C are representative 
isometric and section views of the distal end and steer- 
ing system of a preferred embodiment of a catheter ul- 
trasound guidance system 300' for forming sinusoidal 
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and interconnected channels or treatment zones in en- 
docardial/myocardial boundary. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0044] It will be understood that while numerous pre- 
ferred embodiments of the present invention are pre- 
sented herein, many of the individual elements and 
functional aspects of the embodiments are similar. 
Therefore, it will be understood that structural elements 
of the numerous apparatus disclosed herein having sim- 
ilar or identical function will have like reference numerals 
associated therewith. All of the devices disclosed and 
described herein are suitable for selective treatment of 
ischemic tissue. The devices may be used to treat my- 
ocardium bordering endocardium so that the treated ar- 
ea simulates endocardium physically and in function, 
thereby resulting in "endocardial extension". The same 
devices may be used to selectively treat other areas of 
heart tissue, particularly hibernating myocardium. 
[0045] FIG. 1 is a representative section view of car- 
diac tissue, including endocardium E, epicardium P and 
a typically central, hibernating, infarct damaged zone of 
tissue Z surrounded by conventional myocardium M. 
Zones of tissue Z which are oxygen or nutrient starved 
are generally denser and can be located via an angi- 
ogram or felt by the gloved finger of a physician perform- 
ing an exploration. Such damaged zones may be the 
result of an infarction, damaging arrhythmia, other phys- 
ical, chemical or electrical assault or event, etc. In TMR 
type treatments, these hibernating zones can be treated 
by mechanically piercing or channeling using sharp- 
ened needles and blades, mechanical drills and/or en- 
ergy delivery devices, such a lasers, radio frequency de- 
vices, microwave energy, ultrasound energy, and fluid 
jets. 

[0046] The treatment differs from conventional TMR 
or PTMR in several important ways. For example, as 
compared to TMR or PTMR, fewer or no trans-myocar- 
dial channels are created. In "endocardial extension" or 
selective treatment of the endocardial/myocardial 
boundary, the endocardial/myocardial boundary is treat- 
ed using a denser pattern of small laser or mechanical 
or otherwise created injury sites, i.e. sites for angiogen- 
esis and/or stimulation zones, adjacent to the healthy 
endocardium. These injuries are specifically located ad- 
jacent one of the best natural, localized sources of ox- 
ygenated blood, i.e. the left ventricle and endocardium. 
Treatment also is designed to selectively treat myocar- 
dium by simulating conversion of the inner-most several 
millimeters of myocardium into tissue similar to adjacent 
endocardium, having decreased density resulting from 
a relatively dense stimulation zone or injury pattern. It 
will be understood that although the apparatus and 
methods of the present invention are described with a 
great deal of particularity, selective treatment of the en- 
docardial/myocardial boundary treatment may be done 


generally from either endocardial or epicardial surfaces, 
both of which procedures are included within the scope 
of the present inventbn. Also, selective treatment of hi- 
bernating tissue is performed using same or similar 
s dense treatment patterns of pathways, interconnected 
physically and through effects and results of angiogen- 
esis. 

[0047] FIG. 2 A is a representative perspective view of 
a preferred embodiment of a selective treatment of the 

io endocardial/myocardial boundary system 100 of the 
present invention. FIG. 2B is a representative detail view 
of the preferred embodiment shown in FIG. 2 A taken 
along lines 2B-2B. A main, outer tube 102 has at least 
one large lumen 104 extending therethrough. A plurality 

is of mechanical or electromagnetic functional devices 
106, such as optical fibers, or fiber bundles, or other 
functional devices 106 extend through the large lumen 
104, from the proximal end 108 to the distal end 110. 
Appropriate blood seal means 112 will be known to 

20 those skilled in the art; 

[0048] Additionally, a control tether 114 extends be- 
tween the proximal end 108 of the apparatus, there- 
through to the distal end 110 where it is coupled to a 
deflecting member 116. The tether 114 can run through 

25 the central lumen 104 in communication with the plural- 
ity of mechanical or electromagnetic functional devices 
1 06 or the tether can be placed through an independent 
tether lumen 130 as shown in FIG. 2B. Either in con- 
struction or operation, as the plurality of mechanical or 

30 electromagnetic functional devices 106 are extended 
axially through the central lumen 104 and out the distal 
end 110 they are deflected from the axis in an outwardly 
splayed configuration. In the preferred embodiment 
shown, the deflecting member 116 can be controlled in- 

35 dependency by manipulation of a handle portion 118 at 
the proximal end 1 20 of tether 1 1 4. Thus, the distal ends 
122 of the plurality of mechanical or electromagnetic 
functional devices 106 can be controllably spaced into 
an operable and advantageous configuration to simul- 

40 taneously or sequentially form a relatively dense pattern 
of pathways. 

[0049] FIG. 2C is a representative perspective view 
of another preferred embodiment of a selective treat- 
ment of the endocardial/myocardial boundary system 

45 1 50 of the present invention. FIG. 2D is a representative 
detail view of the preferred embodiment shown in FIG. 
2C taken along lines 2D-2D The central tube 102' can 
have any operable or advantageous number of elongat- 
ed lumens 104' extending therethrough, and is prefera- 

so bly formed as an extrusion or molding. The trifurcated 
proximal end 108' has a plurality of blood seal means 
112' and a plurality of mechanical or electromagnetic 
functional devices 106 enter the apparatus 150 there- 
from. Tether 114 extends through an independent tether 

55 lumen 130' as well. 

[0050] It will be understood that the plurality of me- 
chanical or electromagnetic functional devices 106 can 
be any number of individual fibers, bundled or separat- 
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ed, and optical fiber devices which, as would be known 
to those skilled in the art, would contain individual fibers 
with a range of diameters, such as anywhere between 
about 1000 microns to about 25 microns. As shown in 
FIGS. 2A and 2B, individual fibers can run commingled 
through the central lumen 104 and then be separated 
into two, three or more discrete fibers or bundles near 
the distal end 110 of the apparatus, and they can also 
be divided into separate bundles throughout the length 
of the apparatus 1 SO. Furthermore, the portions of fibers 
extending past the distal end 110 or 110' and being de- 
flected by deflecting member 116 can be wrapped clus- 
ters of fibers, individual fibers, etc. Fibers selected and 
sized at 100|i or less may be used to pierce to the de- 
sired depth for injury creation with or without sharpening 
or addition of a separate piercing mechanism. 
[0051] FIGS. 3A-3E are representative perspective 
views of a preferred embodiment of the. apparatus and 
method of selective treatment of the endocardial/myo- 
cardial boundary shown in FIGS. 2A and 2B. It will be 
understood that the system 100 shown can be intro- 
duced into the left ventricle 250 through a separate guid- 
ing catheter or over a separate guide wire, etc., which 
are not shown. The apparatus can also be used or be 
adapted for use surgically or in minimally invasive sur- 
gical procedures. 

[0052] Introduced percutaneously into the left ventri- 
cle 250, the distal end 110 of the apparatus 100 can be 
positioned as desired as shown in FIG. 3A. Control of 
tether 1 1 4 will allow the operator or physician to advance 
the deflecting member 116 in the direction A as shown 
in FIG. 3B. As the plurality of mechanical or electromag- 
netic functional devices 106 pass through the distal end 
110 of the apparatus 110, the distal ends 122 will be 
deflected away from each other, about deflecting mem- 
ber 116. It will be understood that once the deflecting 
member 116 is spaced as desired from the distal end 
110 of the central tube 102, it can be placed directly on 
an endocardial surface 252 and the plurality of mechan- 
ical or electromagnetic functional devices 106 can be 
extended over the deflecting member 116 and into my- 
ocardium through endocardium. Alternatively, the plu- 
rality of mechanical or electromagnetic functional devic- 
es 1 06 can be extended over the deflecting member 1 1 6 
and the entire distal end 110 of the apparatus can be 
extended so that the distal ends 122 pierce endocar- 
dium and penetrate myocardium, and the deflecting 
member 116 then comes to rest upon an endocardial 
surface 252. In the second instance, the deflecting 
member 116 acts as a depth stop, delimiting and other- 
wise preventing excessive or undesired advancement 
of the functional devices 106 into tissue. 
[0053] FIG. 3D shows retraction of the deflecting 
member 116, such as by control of tether 114, thereby 
causing movement of deflecting member 116 in a direc- 
tion shown as B, and deflection of the distal ends 1 22 
of the plurality of optical fibers, fiber bundles or other 
functional devices away from each other, or splayed out 


in direction C. Thus, as will be understood, further re- 
traction of tether 114 relative to the functional devices 
116 will cause continued or further splaying, deflection 
and separation of the distal ends 122 of the functional 

5 devices 116 

[0054] FIG. 3E shows a preferred embodiment of the 
apparatus 100 as shown in FIG. 2A in which the main 
outer tube 102 has been angulated. Upon continued re- 
traction of control tether 114 past the point at which the 

10 deflecting member 116 is at its maximum retraction, a 
secondary deflection occurs at notched portion 280 
which collapses, thereby deflecting the distal end 1 1 0 of 
the apparatus 110 to a different portion of endocardial 
surface 252. Furthermore, rotation of apparatus 100, 

is such as in direction R as shown, will position the distal 
end 110 into a plurality of different positions for extend- 
ing endocardium. It will be understood by the foregoing 
that the notched portion 280 is optional and provides an 
additional degree of freedom for control. Substituting 

20 more traditional tensioning wire tip deflection systems, 
as commonly used in electrophysiology, would be an al- 
ternative and known apparatus for implementing "endo- 
cardial extension". The secondary angulation at one or 
more points along the outer tube 1 02 provides additional 

25 angulation control, specifically in catheter applications 
and surgical procedures involving an approach from lat- 
eral and posterior surfaces. 

[0055] FIG. 3F is a representative section drawing of 
the treated area E* as formed by the apparatus and 

30 methods of the present invention. Adjacent the endo- 
cardial surface 252 there is the transitory zone 254 be- 
tween endocardium E and myocardium M. On the op- 
posite side of the tissue is the epicardial surface 256, 
epicardium P and the boundary 258 between the epi- 

35 cardium P and myocardium M. Upon formation of a plu- 
rality of injuries, piercing or zones of stimulation C, a 
new boundary 260 is formed in what was formerly con- 
ventional myocardium M and defining a new boundary 
E" between extended endocardium and conventional 

40 myocardium Thus, as shown diagrammatically, the orig- 
inal endocardium E becomes "extended" with commu- 
nicating sinusoidal channels with enhanced blood wash 
and flow into the extended endocardium area E' thereby 
enhancing blood flow deeper into the myocardium by 

45 forming greater surface area of exchange at new bound- 
ary 260. It will be noted that performing the described 
"endocardial extension" is important and valuable be- 
cause it supplements supply from the coronary arteries 
which generally supply most of the myocardium with ox- 

$0 ygenated blood. In almost all cases of coronary disease, 
however, this function of the coronary arteries is essen- 
tially impaired. 

[0056] FIG. 4A and 4B are representative isometric 
and section views, respectively, of a preferred embodi- 
55 ment of a selective treatment of the endocardial/myo- 
cardial boundary system 300 of the present invention. 
In this embodiment, the deflecting member 316 is inte- 
gral and internal to the distal end 110 of central tube 
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ed, and optical fiber devices which, as would be known 
to those skilled in the art, would contain individual fibers 
with a range of diameters, such as anywhere between 
about 1000 microns to about 25 microns. As shown in 
FIGS. 2A and 2B, individual fibers can run commingled 
through the central lumen 104 and then be separated 
into two, three or more discrete fibers or bundles near 
the distal end 110 of the apparatus, and they can also 
be divided into separate bundles throughout the length 
of the apparatus 1S0. Furthermore, the portions of fibers 
extending past the distal end 110 or 110' and being de- 
flected by deflecting member 116 can be wrapped clus- 
ters of fibers, individual fibers, etc. Fibers selected and 
sized at 100u, or less may be used to pierce to the de- 
sired depth for injury creation with or without sharpening 
or addition of a separate piercing mechanism. 
[0051] FIGS. 3A-3E are representative perspective 
views of a preferred embodiment of the apparatus and 
method of selective treatment of the endocardial/myo- 
cardial boundary shown in FIGS. 2A and 2B. It will be 
understood that the system 100 shown can be intro- 
duced into the left ventricle 250 through a separate guid- 
ing catheter or over a separate guide wire, etc., which 
are not shown. The apparatus can also be used or be 
adapted for use surgically or in minimally invasive sur- 
gical procedures. 

[0052] Introduced percutaneously into the left ventri- 
cle 250, the distal end 110 of the apparatus 100 can be 
positioned as desired as shown in FIG. 3A. Control of 
tether 1 1 4 will allow the operator or physician to advance 
the deflecting member 116 in the direction A as shown 
in FIG. 3B. As the plurality of mechanical or electromag- 
netic functional devices 106 pass through the distal end 
110 of the apparatus 110, the distal ends 122 will be 
deflected away from each other, about deflecting mem- 
ber 116. It will be understood that once the deflecting 
member 116 is spaced as desired from the distal end 
110 of the central tube 102, it can be placed directly on 
an endocardial surface 252 and the plurality of mechan- 
ical or electromagnetic functional devices 106 can be 
extended over the deflecting member 116 and into my- 
ocardium through endocardium. Alternatively, the plu- 
rality of mechanical or electromagnetic functional devic- 
es 1 06 can be extended over the deflecting member 116 
and the entire distal end 110 of the apparatus can be 
extended so that the distal ends 122 pierce endocar- 
dium and penetrate myocardium, and the deflecting 
member 116 then comes to rest upon an endocardial 
surface 252. In the second instance, the deflecting 
member 116 acts as a depth stop, delimiting and other- 
wise preventing excessive or undesired advancement 
of the functional devices 106 into tissue. 
[0053] FIG. 3D shows retraction of the deflecting 
member 116, such as by control of tether 114, thereby 
causing movement of deflecting member 116 in a direc- 
tion shown as B, and deflection of the distal ends 122 
of the plurality of optical fibers, fiber bundles or other 
functional devices away from each other, or splayed out 


in direction C. Thus, as will be understood, further re- 
traction of tether 114 relative to the functional devices 
116 will cause continued or further splaying, deflection 
and separation of the distal ends 122 of the functional 
5 devices 116. 

[0054] FIG. 3E shows a preferred embodiment of the 
apparatus 100 as shown in FIG. 2A in which the main 
outer tube 1 02 has been angulated. Upon continued re- 
traction of control tether 114 past the point at which the 
10 deflecting member 116 is at its maximum retraction, a 
secondary deflection occurs at notched portion 280 
which collapses, thereby deflecting the distal end 1 1 0 of 
the apparatus 110 to a different portion of endocardial 
surface 252. Furthermore, rotation of apparatus 100, 
is such as in direction R as shown, will position the distal 
end 110 into a plurality of different positions for extend- 
ing endocardium. It will be understood by the foregoing 
that the notched portion 280 is optional and provides an 
additional degree of freedom for control. Substituting 
more traditional tensioning wire tip deflection systems, 
as commonly used in electrophysiobgy, would be an al- 
ternative and known apparatus for implementing "endo- 
cardial extension*. The secondary angulation at one or 
more points along the outer tube 1 02 provides additional 
angulation control, specifically in catheter applications 
and surgical procedures involving an approach from lat- 
eral and posterior surfaces. * 
[0055] FIG. 3F is a representative section drawing of 
the treated area E' as formed by the apparatus and 
methods of the present invention. Adjacent the endo- 
cardial surface 252 there is the transitory zone 254 be- 
tween endocardium E and myocardium ftfl. On the op- 
posite side of the tissue is the epicardial surface 256, 
epicardium P and the boundary 258 between the epi- 
cardium P and myocardium Rfl. Upon formation of a plu- 
rality of injuries, piercing or zones of stimulation C, a 
new boundary 260 is formed in what was formerly con- 
ventional myocardium M and defining a new boundary 
E' between extended endocardium and conventional 
myocardium Thus, as shown diagrammatically, the orig- 
inal endocardium E becomes "extended" with commu- 
nicating sinusoidal channels with enhanced blood wash 
and flow into the extended endocardium area E' thereby 
enhancing blood flow deeper into the myocardium by 
forming greater surface area of exchange at new bound- 
ary 260. It will be noted that performing the described 
"endocardial extension" is important and valuable be- 
cause it supplements supply from the coronary arteries 
which generally supply most of the myocardium with ox- 
ygenated blood. In almost all cases of coronary disease, 
however, this function of the coronary arteries is essen- 
tially impaired. 

[0056] FIG. 4A and 4B are representative isometric 
and section views, respectively, of a preferred embodi- 
ment of a selective treatment of the endocardial/myo- 
cardial boundary system 300 of the present invention. 
In this embodiment, the deflecting member 316 is inte- 
gral and internal to the distal end 110 of central tube 
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302. The deflecting member 316 can be a section locat- 
ed at the distal end 1 1 0 only, or the central tube 302 can 
be formed as an extrusion with three or more or less 
distinct and separate channels running through the tube 
302 and effectively deflecting or splaying the distal ends 
of the functional devices 106 away from each other 
[0057] FIG. 4C is a representative view of another 
preferred embodiment of a selective treatment of the en- 
docardial/myocardial boundary system 350 of the 
present invention. In this embodiment, the deflecting 
member 316 is cone shaped. Upon extension of me- 
chanical or electromagnetic functional devices 106 
through the central tube 302, the distal tips 122 are de- 
flected or splayed away from each other, creating a tool 
sufficient for forming a plurality of laser or mechanically 
created injuries, pierce or stimulation zones in endocar- 
dial tissue. It will be understood that the precise shape 
of deflecting member 316 can be varied, but will prefer- 
ably cause little undesired friction between the distal 
ends 1 22 of the mechanical or electromagnetic function- 
al devices 106 and the deflecting member 316. Addi- 
tionally, control tether 314 can be fixed or permanent, 
thus providing optional independent control of deflecting 
member 316. 

[0058] It will be understood from the foregoing, there- 
fore, that the deflecting member can have a plurality of 
different sizes, shapes and configurations. To expand 
and clarify, the deflecting member 116 portion can be 
movable or retractable, such as mounted on a tether 114 
as shown in FIGS. 2A, 2C. 3A-3E, etc. The deflecting 
member 116 can also be fixed in place with regard to 
the outer tube 1 02, and can comprise a discrete number 
of deflecting ramps, grooves, slots, or guide channels. 
Additionally, the deflecting member 1 1 6 can be located 
well within the distal end of the outer tube 102, just inside 
or outside of the distal end 110 of the outer tube, or it 
can be located a short distance beyond the distal end 
1 1 0 of the outer tube 1 02. 

[0059] FIG. 5A is a representative section view of a 
preferred embodiment of a selective treatment of the en- 
docardial/myocardial boundary system 400 of the 
present invention. FIG. 5B is a representative section 
view of another preferred embodiment of a selective 
treatment of the endocardial/myocardial boundary sys- 
tem 450 of the present invention. In each of these em- 
bodiments, the mechanical or electromagnetic function- 
al devices 106 are disposed either fixedly or movably, 
such as by advance or retraction, within hollow lumens 
within the central tube 402. 

[0060] In the embodiment shown in FIG. 5A, the distal 
ends 1 22 of the mechanical or electromagnetic function- 
al devices 106 are disposed immediately adjacent small 
apertures 404 within the distal end 410 of central tube 
402. The individual mechanical or electromagnetic func- 
tional devices 106, such as fiber bundles, can be posi- 
tioned permanently within the central tube 402 such that 
laser energy or other type of energy from the distal tips 
1 22 can reach target tissue, but the distal tips 1 22 wont 


cause unintended or undesired trauma or injury to tissue 
which the apparatus 401 is being advanced into. 
[0061] A pointed piercing tip 450 can be inserted 
through endocardium N and into myocardium M. New 

s treatment area N' is formed as shown. The piercing tip 
450 can have any conventional or custom shape or de- 
sign characteristic, including sharpened to a point, blade 
end, cross-cut, center-radiating multi-blade castings or 
extrusions, hollow piercing needle, etc. An optional sen- 

10 sor, such as a conventional pressure transducer 403, 
may be placed at the tip 450 to determine peak pressure 
if use of the treatment device is to be correlated with wall 
thickness. For instance, laser energy or piercing may 
occur at maximum pressure to ensure maximum tissue 

is penetration in certain boundary areas. Signals from the 
pressure transducer may be used to enable the laser, 
and absence of a maximum signal prevents laser firing. 
[0062] As shown in FIG. SB, the apparatus 450 has a 
blunt tip 452. The mechanical or electromagnetic func- 

20 tional devices 106, such as individual fibers, are shown 
advanced through individual windows 404 at the distal 
end 410 of central tube 402. In both embodiments, as 
mentioned above, the internal lumen or lumens of the 
central tube 402 encase the mechanical or electromag- 

2S netic functional devices 106. In a single lumen hollow 
tube with a plurality of small apertures 404, the fibers 
would all be bundled together. Alternatively, the central 
tube may have a plurality of different, even differently 
shaped or organized, hollow internal lumens such as 

30 formed by extrusions, moldings, etc., which would pro- 
vide a plurality of lumens for independently operable 
mechanical or electromagnetic functional devices 106. 
[0063] Extension and/or retraction of the distal ends 
1 22 of the mechanical or electromagnetic functional de- 

35 vices 106 could be before or after bearing the distal 
blunt, stabilizing end 452 against an endocardial sur- 
face, and it will be understood that the mechanical or 
electromagnetic functional devices 106 could be ex- 
tended or retracted one at a time, or simultaneously. 

40 [0064] The apparatus shown in FIG. 5B is especially 
suitable for surgical, and especially minimally invasive 
surgical use. Tissue can be pierced to a desired, calcu- 
lated or otherwise determined depth and then mechan- 
ical or electromagnetic energy devices can then be ex- 

45 tended through the pierced opening. 

[0065] FIGS. 6A and 6B are representative cross sec- 
tional and section views, respectively, of another pre- 
ferred embodiment of a selective treatment of the endo- 
cardial/myocardial boundary system 500 of the present 

so invention. As an alternative embodiment of the invention 
to the single strand or bundle version previously de- 
scribed, a selective treatment of the endocardial/myo- 
cardial boundary system 500 may be provided which 
has a plurality of spaced apart treatment devices. A se- 

55 lective treatment of the endocardial/myocardial bound- 
ary system 500 has, for example but not limited to, four 
relatively smaller optical fiber strands 502 which project 
outwardly like an axially parallel, spaced apart group of 
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prongs from a transverse stop member 504 at the distal 
end of the selective treatment of the endocardial/myo- 
cardial boundary system 500. Each of these smaller fib- 
er strands 502 has a diameter of around 0. 1 to 0.5 mm 
and its distal tip 506 may be blunt or beveled. The length 
of these optical prong-like strands is roughly the esti- 
mated thickness of the endocardium, e.g. 1 .5 to 3.0 mm 
and despite their relatively small diameter these prong- 
like elements are quite rigid. Inwardly from the stop 
member 504 the smaller fiber strands 502 are preferably 
held together by suitable potting compound 508 which 
is surrounded by a plastic sheath 510. 
[0066] During a selective treatment of the endocar- 
dial/myocardial boundary procedure using the treat- 
ment system 500, the apparatus is pushed against the 
wall of the heart until the distal tips 506 of the spaced 
apart projecting strands 502 penetrate into myocardium. 
Alternatively, laser energy may be used to penetrate the 
wall. As with previous embodiments, laser power is trig- 
gered to emit laser energy from the distal tips of the 
strands after they are moved forward in increments to 
form channels or stimulus pockets beyond each distal 
tip within the myocardium tissue. As laser energy is 
emitted from the distal end of each fiber strand 502, fol- 
lowing each interval of penetration, a network or matrix 
of interconnected, sinusoidal passages, channels or 
stimulus pockets is created within the myocardium. In 
this embodiment, as well as in embodiments showing 
multiple treatment devices, treatment produces in- 
terstial areas of untreated tissue surrounding by treated 
areas thereby promoting angiogenesis. 
[0067] As another approach to selective treatment of 
the endocardial/myocardial boundary, retro-last ng can 
be performed. This novel method includes the steps of 
advancing the distal tip or tips of laser delivery means 
such as mechanical or electromagnetic functional de- 
vices a selected distance into the myocardium and then 
delivering laser energy to create a selective treatment 
of the endocardial/myocardial boundary channel or oth- 
er treatment site while simultaneously retracting the fib- 
er, laser delivery means or other functional device. With 
this procedure, inasmuch as laser energy is only deliv- 
ered during retraction of the fiber, the possibility of ad- 
vancing the fiber too far and lasing through an epicardial 
surface is reduced, and the risks of complications aris- 
ing from such epicardial perforations, including but not 
limited to cardiac tamponade (a buildup of pressure in 
the pericardial sac caused by the presence of an excess 
of fluid such as blood), proliferation of adhesions be- 
tween the epicardium and the pericardial sac (thereby 
preventing normal, frictionless enclosure of the heart 
muscle within the pericardial sac), etc., are minimized 
[0068] Furthermore, adjunct use of appropriate drug 
delivery apparatus, blood seal means, depth stop appa- 
ratus, visualization means, marker means as well as 
other hardware and methodology will be considered 
within the scope of the present invention. Additionally, 
use of electrophysiology (EP) readings and readings 


from other sensors positioned at the distal tip 118 for 
confirming tissue contact, such as with an electrode 
along with or instead of the pressure transducer 403 
FIG. 5A, temperature, conductivity, density, durometer, 
s porosity, permeability or other mechanical, chemical or 
electrical characteristic of tissue will be particularly use- 
ful. 

[0069] The present invention is intended for use with 
any medical laser. In particular, the Holmium or excimer 

10 laser is particularly suited to the present invention. How- 
ever, any suitable laser source, pulsed or otherwise, 
could provide laser energy to the laser delivery means 
of the present invention for performing the method of the 
present invention. Likewise, the catheter and surgical 

is equipment, including laser delivery means, referred to 
in the present document as well as that known and used 
in medicine and other disciplines today and in the future, 
will be included in the scope of this disclosure. Such la- 
ser delivery means include, but are not limited to, indi- 

20 vidua) optical fibers as well as bundles of fibers with and 
without piercing tips and with or without firing tips or fiber 
ends having shaped or contoured end faces for selec- 
tively diverging the laser beam or other laser energy di- 
verging means, rods, mirrors configurations and other 

25 laser delivery means with and without focusing lens and 
the like. It will also be understood that the apparatus and 
method of the present invention as described herein in- 
cluding the novel combination or use with of any con- 
ventional mechanism or method which are known to 

30 those skilled in the art, are included within the scope of 
this invention. Furthermore, with regard to non-laser se- 
lective treatment of the endocardial/myocardial bound- 
ary, a cannula or trocar assembly may be extended into 
the tissue of the left ventricle, with or without use of a 

35 mechanical piercing tool. 

[0070] It will further be understood that while the 
present invention has been described for selective treat- 
ment of the endocardial/myocardial boundary from en- 
docardial surfaces in the left ventricle, the apparatus 

40 and methods described herein are equally intended for 
use in any suitable procedure, including but not limited 
to procedures where any device need be extended 
through a guide catheter to an opening or other point 
within the body for other medical procedures including 

45 laser treatment, visualization, biopsy, etc. "Stimulation", 
for example, is performed by using laser energy to cre- 
ate zones or pockets, optionally interconnected at least 
initially by small channels ablated through the tissue, for 
the introduction of blood born growth and healing factors 

so and stimulated capillary growth surrounding the lased 
/ones or pockets to create an increased supply of oxy- 
gen to the tissue and thus a revitalization of the heart 
muscle. Methods and apparatus for causing stimulation 
are more fully described in EP-A-081 2 574 (correspond- 

55 tng to co-pending U.S. Patent Application Serial No. 
08/664,956 filed June 13, 1996) entitled INTRAOPER- 
ATIVE MYOCARDIAL DEVICE AND STIMULATION 
PROCEDURE. 
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[0071] FIG. 7 A is an isometric view of an apparatus 
600 for forming branched, contiguous, multi-channeled, 
sinusoidal and interconnected treatment zones for se- 
lective treatment of endocardial/myocardial boundary. 
FIG. 7B is a representative view of a branched, contig- 
uous, multi-channeled, sinusoidal and interconnected 
treatment zone. The apparatus is more fully described 
in EP-A-0815 798 (corresponding to co-pending U.S. 
Patent Application Serial No. 08/675,698 filed July 3, 
1996) entitled CONTIGUOUS, BRANCHED TRANS- 
MYOCARDIAL REVASCULARIZATION (TMR) CHAN- 
NEL, METHOD AND DEVICE. Thumb wheel 602 is 
used to advance a mechanical or electromagnetic en- 
ergy functional device 106 through the handpiece and 
out the rotating head section 608. The distance which 
the fiber is advanced is controlled by a laser delivery 
means slider depth adjust means 604. The maximum 
depth of the injury which is to be created by the hand- 
piece can be set precisely and conveniently by locating 
the side slider at the appropriate axial position, as indi- 
cated by a scale or other reference means 606. 
[0072] Thus, contiguous, branched injuries 650 which 
originate at a single point 652 in either endocardium or 
epicardium 654 develop along a plurality of radiating, 
ultimately independent paths, through at least portions 
of myocardium 656 and into endocardium, to permit 
capillary communication and enhanced myocardial in- 
fusion of oxygenated blood, growth, healing, and other 
factors. Such apparatus is particularly suitable for sur- 
gical procedures, such as in open heart or minimally in- 
vasive surgery (MIS). 

[0073] FIG. 8 is a representative section view of rotat- 
ing mechanical drill type apparatus 700 for forming si- 
nusoidal and interconnected treatment zones in the en- 
docardial/myocardial boundary. The apparatus 700 has 
a mounting shaft 702 and a set of cutting teeth 704 
spaced around the perimeter of circular spinning sleeve 
706. Optionally, an advancable or extendable pointed 
piercing cone or pyramid shaped tip 708 can be used in 
conjunction with the spinning cutting device to pierce tis- 
sue to act as an introducer and the piercing tip 708 will 
part off, penetrate and/or pierce the tissue easily. 
[0074] FIG. 9 is a representative section view of re- 
sistance type heating tip apparatus 750 for forming 
treatment zones in endocardial/myocardial boundary. A 
distal tip 752 is resistively or inductively heated by con- 
ductors 754 and 756. The operating temperature of the 
distal tip 752 is sufficient to form channels or cause stim- 
ulation of myocardial tissue. A thermocouple or other 
temperature sensing device 758 may be imbedded into 
the distal tip 752 to determine the temperature thereof. 
The signal developed by the sensing device 758 may 
be used to control the electrical power to the distal tip 
752 in a conventional manner. 
[0075] FIG. 1 0 is a representative section view of fluid 
jet nozzle apparatus 780 for forming sinusoidal and in- 
terconnected injury or treatment zones in endocardial/ 
myocardial boundary. One or more high velocity fluid 


jets 782 are emitted from a discharge tip 784 in the distal 
end of inner tubular member 786 is used to form the 
channel or stimulation zone. Debris from the channel 
forming operation is aspirated away from the site 
s through annular lumen 788 formed between the inner 
tubular member 786 and outer tubular member 790. By 
directing jets of pressurized fluids at selected positions 
within myocardium, tissue can be mechanically disrupt- 
ed and thereby removed. 
w [0076] FIG. 11 is a representative section view of ra- 
dio frequency apparatus 800 for forming sinusoidal and 
interconnected injury or treatment zones in endocardial/ 
myocardial boundary. A method of use includes posi- 
tioning an array of active electrodes 802 in close prox- 
15 imity to a target site on the wall of a patient's heart, and 
applying a high energy, operative frequency, such as a 
radio frequency, between the active electrodes 802 and 
a return electrode 804 to ablate tissue at the heart wall. 
The high frequency energy ablates, i.e. volumetrically 
20 removes the heart tissue, and the electrodes 802 and 
the distal tip 806 of the apparatus 800, when the energy 
supplied is properly controlled, will bore a plurality of 
channels, pathways or interconnections through the 
heart tissue. Such radio frequency apparatus are more 
25 fully described in International Publication Number WO 
97/18768 published May 29, 1997 entitled SYSTEMS 
AND METHODS FOR ELECTROSURGICAL MYO- 
CARDIAL REVASCULARIZATION. 
[0077] FIGS. 12A, 12B and 12C are representative 
30 isometric and section views of the distal end and steer- 
ing system of a preferred embodiment of a catheter ul- 
trasound guidance system 300' for forming treatment 
zones in endocardial/myocardial boundary. A matching 
layer 110', gold trace 106', transducer crystal 104', back- 
35 ing 114', coaxial cable 112' and housing 116' are assem- 
bled together Mounting face 130' couples to the distal 
tip 302' of catheter 300'. It will be understood by those 
known in the art that such coupling means includes, and 
is not limited to, bayonet and other quick connect 
40 mounts, screw on or press fit/snap on couplings, etc. 
[0078] The catheter 300' is steerable and has steering 
means as described herein. A central catheter tube 302' 
terminates in the distal tip 302V A spiral spring member 
304* made of a radiopaque material adds visibility to the 
45 bend radius of the apparatus and enhances steerability 
of the apparatus 300V A flat planar, rigid shim 306' cou- 
ples between the distal tip 302' of the catheter 300' and 
an intermediate sleeve 308V A pull cable 310' also at- 
taches to the distal tip 302' opposite the annular opening 
so 312' through the distal tip 302' so as to act upon the 
distal tip 302' and cause deflection of the shim 306' as 
desired to steer the distal tip 302' to selected regions or 
surfaces. An outer jacket 314' protects the catheter as- 
sembly 300V Embodiments of the steerable catheter ap- 
55 paratus with the ultrasound guidance system are de- 
scribed in EP-A-0876 796 (corresponding to U.S. Patent 
Application Serial No. 08/852,977 filed May 7, 1997 en- 
titled ULTRASOUND DEVICE FOR AXIAL RANGING) 
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and incorporated herein in its entirety. Embodiments of 
the steerable catheter apparatus of the present inven- 
tion without the ultrasound guidance system are de- 
scribed in EP-A-0868 923 {corresponding to U.S. Patent 
Application Serial No. 08/833, 352 filed April 4, 1 997) en- 
titled STEERABLE CATHETER and incorporated herein 
in its entirety. The device preferably is approximately 7 
French and uses a fiber bundle 0.5mm or less in diam- 
eter for endocardial extension. 
[0079] Additionally, the ultrasound device may be 
used with curved or pre-bent catheters for delivery of a 
single optical fiber with or without a lens device for op- 
eratively, selectively and/or controllably directing laser 
energy. Such devices can be easily manipulated to cre- 
ate dense injury patterns and ultrasound ranging can be 
used to control the depth and select depth. Additionally, 
piercing, analysis or other procedure can be carried out 
at an angle, thereby providing enhanced depth control. 
[0080] The catheters of the present invention are es- 
pecially suitable for medical procedures, including TMR, 
when operated in conjunction with optical fiber laser de- 
livery means. Such optical fibers or fiber bundles utilize 
individual fibers from 25 to 1000 microns, or more or 
less. By way of example only, and not limited to the fol- 
lowing, typical catheters of the present invention may 
have a diameter equivalent to between about 5 and 
about 7 French in which fibers or fiber bundles between 
about 250 and about 500 microns are used for laser en- 
ergy delivery. 

[0081 ] Laser firing can be controlled by any known or 
other specific means. Such control means include laser 
interlock with contact electrodes, distal ly mounted pres- 
sure transducer, etc. Pace control, or control of the laser 
as a function of the heart beat, can be implemented, in- 
cluding synchronous, asynchronous, or random path- 
way creation relative to the heart beat. Additionally, op- 
erator signals such as lights, audible signals, etc. may 
be used to facilitate and/or coordinate operation by the 
cardiology operating room team. Suitable sensors may 
be mounted on the distal-most tips or front faces of the 
devices, such as (but not limited to) those shown in 
FIGS. 2, 4, 5, 6, 9 and 11. 

[0082] Furthermore, smaller, more singular, generally 
lower power settings differentiate or characterize sys- 
tems used for laser assisted endocardial extension 
methods of the present invention from that of typical 
TMR or PTMR procedures. By way of example, but not 
limited to in any way, typical power settings for a hol- 
mium laser might be 3.5 watts for a single pulse injury 
where such a single pulse injury is repeated multiple 
times to form a dense pattern of injuries greater than 
1 mm apart. 

[0083] It will be understood by the foregoing discus- 
sion that numerous means for creating the channels or 
zones of stimulation will be known to those skilled in the 
art, and are included within the scope of this application. 
Mechanical means, include piercing, cutting, flushing, 
reaming, ultrasound and other devices and methods. 
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Such wilt also include any adjunct structural enhance- 
ments, such as for visualization. Electromagnetic ener- 
gy will also include radio frequency, laser energy, ther- 
mal energy, etc. Such means will be referred to hereaf- 
5 ter, generally, as mechanical and thermoelectric energy 
functional devices. 

[0084] Unless defined otherwise, all technical and sci- 
entific terms used herein have the same meaning as 
commonly understood by one of ordinary skill in the art 
10 to which this invention belongs. Although any methods 
and materials similar or equivalent to those described 
can be used in the practice or testing of the present in- 
vention, the preferred methods and materials are now 
described. All publications and patent documents refer- 
15 enced in this application are incorporated herein by ref- 
erence. 

[0085] While the principles of the invention have been 
made clear in illustrative embodiments, there will be im- 
mediately obvious to those skilled in the art many mod- 
ifications of structure, arrangement, proportions, the el- 
ements, materials, and components used in the practice 
of the invention, and otherwise, which are particularly 
adapted to specific environments and operative require- 
ments without departing from those principles. The ap- 
pended claims are intended to cover and embrace any 
and all such modifications, with the limits only of the true 
purview, spirit and scope of the invention. ' ^ 


1 . A device for selectively treating a boundary area of 
myocardial tissue in a heart comprising: 

a handpiece; 

a guide tube extending from the handpiece and 
defining at least one lumen and optionally two 
or more; 

a treatment means adapted for creating an in- 
jury no greater than 3 mm in diameter in the 
boundary area, the treatment means having 
proximal and distal ends and slidably extending 
through the handpiece and the lumen of the 
guide tube, the distal end of the treatment 
means extendable through a distal end of the 
guide tube; 

a means for piercing through to the boundary 
area from a surface layer of the heart without 
substantial destruction of the surface layer to 
form an entry path for the treatment device, the 
means defining a piercing diameter no greater 
than 1.0 mm; 

stop means for controlling a piercing depth of 
the means for piercing, whereby the piercing 
depth is selectable to reach the selected 
boundary area; and 

directional control means on the handpiece for 
moving the treatment means to create addition- 
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al injuries spaced at an injury density of from 
1-10 injuries/cm 2 . 

A device for selectively treating border areas in my- 
ocardial tissue comprising: s 

a tube having proximal and distal ends, at least 
one hollow lumen, and defining an axis; 
treatment means comprising at least two treat- 
ment devices disposed within the tube, the at io 
least two treatment devices each having a dis- 
tal end disposed adjacent the distal end of the 
tube; 

a piercing means for creating a pilot entry to a 
selected border area; and 1 $ 
a deflecting member adjacent the distal portion 
of the tube for deflecting the distal end of at 
least one of the at least two treatment devices 
away from the axis, for enabling treatment of 
the border area. 20 

A device for selectively treating a boundary area of 
myocardial tissue in a heart comprising: 

a handpiece having proximal and distal ends; 25 
a substantially 7 French catheter extending 
from the handpiece and defining at least one 
lumen; 

treatment means comprising an optical fiber el- 
ement defining a diameter no larger than 30 
0.5mm slidably mounted within the at least one 
lumen of the catheter and extendable there- 
from, the fiber element defining a piercing tip 
constituting piercing means; 
a stop means for controlling a piercing depth of 35 
the piercing tip, the piercing depth selected to 
reach a selected boundary area; and 
a deflection mechanism operable from the 
handpiece and extending through the catheter 
for redirecting a distal end of the catheter to al- <o 
low creation of a plurality of substantially 
0.5mm laser treatment sites spaced approxi- 
mately at a density of 1 -4 sites/cm 2 . 

The device of Claim 1 , 2 or 3 wherein the treatment 4S 
means is a laser having a wavelength taken from 
the group consisting of ultraviolet, mid-infrared and 
infrared wavelengths and/or a fiber optic delivery 
device adapted for connection to a laser and/or a 
mechanical cutting device and/or employs an RF so 
energy source and/or pressurized fluid and/or an ul- 
trasound transducer 

The device of any preceding Claim wherein the 
means for piercing defines a piercing diameter no 55 
greater than 0.5mm. 

The device of any preceding Claim wherein the 


means for piercing is a hollow, pointed tip located 
at the distal end of the guide tube or catheter and 
having an internal bore sized for passage of the 
treatment means therethrough. 

7. The device of any preceding Claim wherein the 
treatment means comprises a fiber optic delivery 
device, and the means for piercing is a polished dis- 
tal tip of the fiber optic delivery device. 

8. The device of any preceding Claim wherein the 
treatment means comprises a fiber optic delivery 
device comprising a 1 mm diameter fiber element 
adapted to deliver 3.5 watts from a remote laser 
source in a single pulse of energy. 

9. The device of any preceding Claim wherein the 
handpiece and guide tube comprise a steerable 
catheter having a catheter diameter no greater than 
9 French and configured for transluminal introduc- 
tion into the heart. 

1 0. The device of Claim 9 wherein a portion of the steer- 
able catheter has a reinforcement means sufficient 
for transmitting an axially extending piercing force 
applied by the piercing means and sufficient for re- 
acting tissue resistance to the piercing force; the re- 
inforcement means preferably being a braided ma- 
terial and/or a support sleeve. 

1 1 . The device of Claim 9 or 1 0 having directional con- 
trol means comprising a wire actuated at the hand- 
piece and attached to the distal end of the catheter 
whereby applying tension to the wire deflects the 
distal end of the catheter 

12. The device of any preceding Claim wherein the 
treatment means is a plurality of treatment devices 
insertable through the guide tube and the guide 
tube has a plurality of apertures adjacent a distal 
end thereof in alignment with the distal ends of the 
plurality of treatment devices. 

1 3. The device of any of Claims 1 -1 0 wherein the direc- 
tional control means is a tether actuated deflecting 
member at the distal end of the guide tube, operat- 
ing of the tether causing the deflecting member to 
deflect the treatment means from an axis of the 
guide tube adjacent the proximal end of the tube . 

1 4. The device of Claim 1 3 wherein the deflecting mem- 
ber moves axially relative to the guide tube and 
movement of the deflecting member controls an 
amount of deflection from the axis. 

1 5. The device of Claim 1 3 in which the deflecting mem- 
ber is a shaped insert mounted in the distal end of 
the guide tube, the shaped insert forming at least 
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one camming surface for deflecting the treatment 
means when advanced out of the guide tube; or the 
deflecting member is a plurality of spaced apertures 
in a sidewall of the guide tube, each of the plurality 
of apertures defining a camming surface to direct s 
one of a plurality of treatment devices through each 
aperture; the device preferably further comprising a 
pointed piercing tip extending from the distal end of 
the guide tube. 

w 

16. The device of any preceding Claim having adjusta- 
ble stop means which comprises a transverse 
flange member near the distal end of the guide tube 
or catheter. 

15 

17. The device of any preceding Claim wherein the 
treatment means comprises a plurality of treatment 
devices each no larger than 0.5 mm in diameter and 
extending through a plurality of apertures spaced to 
create injury sites at a density from approximately 20 
2-10 sites/cm 2 . 

18. The device of any preceding Claim further compris- 
ing a pressure transducer at a distal tip of the guide 
tube or catheter. 25 

19. The device of any preceding Claim further compris- 
ing control means for automatically controlling 
movement and operation of the treatment device. 
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